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(54) Treating subterranean formation 

(57) A subterranean formation is treated with a par- 
ticulate laden fluid whereby particulate flowback is re- 
duced or prevented. The fluid comprises a mixture of a 
particulate, a tackifying compound and a multifunctional 
material, and the tackifying compound retards move- 



ment of at least a portion of the particulate within the 
formation upon flow of fluids from the subterranean for- 
mation. The multifunctional material subsequently re- 
acts with said tackifying compound to consolidate at 
least a portion of said particulate within said formation. 
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Description 



[0001] This invention relates to a method of treating a subterranean formation and more oarticularlv to a math^ 
and means for controHing particulate soiids transport during the products of hydroSZs E!Z2£ZX£ 

E nrI^i P °i, 0, t PartiCU, !!! 1 S0, ! dS dUri " 9 the pr0dUCti0n 0f M'ocarbons from a subterranean formation is a con- 
transported 80,11,8 can erode °' ca "*e significant wear in the hydrocarbon produ7ton equipment 

[0004] In the treatment of subterranean formations, it is common to place particulate materials as a filter moi iu, m 

ST or ZEStS^r** ,or addr K essin9 the proppant ,,owback problem is to >Z£Zt Zp- 

Sets ti fiE£!£r^ m r* CaP3b,e ° f US6 " a " r6SSive «°wback situations. FuZ 
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the manner achieved by use of resin coated particulates. 

[0010] U.S. Patent 5,501 ,274 discloses a method for reducing proppant flowback by the incorporation of thermo- 
plastic material in particulate, ribbon or flake form with the proppant. Upon deposition of the proppant and thermoplastic 
material in the formation, the thermoplastic material softens and causes particulates adjacent the material to adhere 
5 to the thermoplastic creating agglomerates. The agglomerates then bridge with the other agglomerates and other 
particulates to prevent flowback from the formation. 

[0011] It would be desirable to provide a more permanent method which will bind greater numbers of particles of the 
particulate to one another whereby agglomerates may be formed which would further assist in preventing movement 
or flowback of particulates from a wellbore or formation without significantly reducing the permeability of the particulate 
io pack during aggressive flowback of treatment fluids. 

[0012] We have now devised a method of treating a subterranean formation to form a porous particulate pack that 
inhibits the flow of particulates back through the wellbore during the production of hydrocarbons without significant 
effects upon the permeability of the particulate pack. 

[0013] In accordance with the invention, a method of treating a subterranean formation penetrated by a wellbore is 
is provided comprising the steps of providing a fluid suspension including a mixture of particulate material, a material 
comprising a liquid or solution of a tackifying compound, which coats at least a portion of the particulate upon admixture 
therewith, and a hardenable resin, which coats or is coated upon at least a portion of the particulate, pumping the fluid 
suspension including the coated particulate through the wellbore and depositing the mixture in the formation. Upon 
deposition of proppants having been coated with the tackifying compound and resin material mixture in the formation 
20 the coating causes particulate adjacent to the coated material to adhere to the coated material thereby creating proppant 
agglomerates which bridge against other particles in the formation to minimize initial particulate flowback and the 
hardenable resin subsequently consolidates the particulate before and during flowback. 

[0014] The coated material is effective in inhibiting the flowback of particulate in a porous pack having a size ranging 
from about 2 to about 400 mesh in intimate admixture with the tackifying compound and hardenable resin coated 
25 particulates. 

[0015] The coated material is effective in consolidating particulate into the form of agglomerates in a formation as a 
result of a fracturing or gravel packing treatment performed on a subterranean formation during aggressive flowback 
of the treatment fluid. 

[0016] In accordance with the present invention, a liquid or solution of a tackifying compound is incorporated in an 
30 intimate mixture with a particulate material such as conventional proppants or gravel packing materials together with 
a hardenable resin and introduced into a subterranean formation. 

[0017] As used in this specification, the term "intimate mixture* will be understood to mean a substantially uniform 
dispersion of the components in the mixture. The term "simultaneous mixture" will be understood to mean a mixture 
of components that are blended together in the initial steps of the subterranean formation treatment process or the 

35 preparation for the performance of the treatment process. 

[0018] The coated particulate or proppant material may comprise substantially any substrate material that does not 
undesirably chemically interact with other components used in treating the subterranean formation. The material may 
comprise sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and the like. The coated 
material also may comprise an additional material that is admixed with a particulate and introduced into a subterranean 

40 formation to reduce particulate flowback. In this instance the additional substrate material may comprise glass, ceramic, 
carbon composites, natural or synthetic polymers or metal and the like in the form of fibers, flakes, ribbons, beads, 
shavings, platelets and the like. In this instance, the additional substrate material generally will be admixed with the 
particulate in an amount of from about 0.1 to about 5 percent by weight of the particulate. The tackifying compound 
comprises a liquid or a solution of a compound capable of forming at least a partial coating upon the substrate material 

45 with which it is admixed prior to or subsequent to placement in the subterranean formation. In some instances, the 
tackifying compound may be a solid at ambient surface conditions and upon initial admixing with the particulate and 
after heating upon entry into the wellbore for introduction into the subterranean formation become a melted liquid which 
at least partially coats a portion of the particulate. Compounds suitable for use as a tackifying compound comprise 
substantially any compound which when in liquid form or in a solvent solution will form a non-hardening coating, by 

so themselves, upon the particulate which facilicates agglomeration and will increase the continuous critical resuspension 
velocity of the particulate when contacted by a stream of water as hereinafter described in Example I by at least about 
50 percent over the particulate alone when present in a 0.5 percent by weight active material concentration and increase 
the initial critical resuspension velocity by at least about 50 percent over the particulate alone. Preferably, the continuous 
critical resuspension velocity is increased by at least 100 percent over particulate atone and most preferably at least 

55 about 1 50 percent over particulate alone and the initial critical resuspension velocity is increased by at least 75 percent 
and most preferably at least 1 00 percent over particulate alone. A particularly preferred group of tackifying compounds 
comprise polyamides which are liquids or in solvent solution at the temperature of the subterranean formation to be 
treated such that the polyamides are, by themselves, non-hardening when present on the particulates introduced into 
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Si ? m T n - i PartiCU ' arly Pre,erred Pr0duct is a co "densation reaction product comprised of commer- 

cially avaitable polyacids and a polyamine. Such commercial products include compounds such as mixtu es of Z 
dibasic acidscontaming some trimerand higher oligomers and also sma^l amounts of monomer acids^Xrfrelted 
w.th polyammes. Other polyacids include trimer acids, synthetic acids produced from fatty acids, maleic aXSrWe Td 
S? ? ^ COmP ° UndS 8re avai,ab,e ,rom """P"* 8UC " ^ Witco. Union cC. cSemS? 

SSTZ SSSTi I T pro i ucts are availab,e ,rom ' ,or example - Cnampion Ch6micals - Inc - 1- witca 

[0019] In general, the polyam.des of the present invention are commercially produced in batchwise processino of 
po.yac.ds predominately having two or more acid functionalities per molecule with a pofyamine . * te in 
the manufacturing .ndustry, the potyacids and poiyfunctiona. amines are introduced into a reactor where! wS agZon 

Sta ft «2ZnS 11 m8 \ by P° ,ycondensati on- ™* *ater of reaction is condensed and removed 

SS?£2^^^?^ we ' 9 1 30(1 ,inal properties of ,he p°* mer are con,rol,ed * choice «« * 

£2 »n : heat,n9 / ate> 30(1 )ud,c,ous use of monofunctional acids and amines to terminate chain propagation. Gen- 

2 S i! t h d « * S ° ,Vent SUCh 88 a " a,COh01 ' iS admixed witn 106 final condensation reaction product 
?JZ T T T n Ca " readily be hand,ed - The condensation reaction generally is accomplished * a 
SSTSLn r 5 ° F 10 ab ° Ut 45 °° F md6r a nitr ° 9en SW6ep ,0 remove < ha wate fromle 

S b^L^Sfn Tr 6 »T Vert ! d t0 quatemar V compounds by reaction with methylene chloride, dimethyl 
k !\^! ,y) ! Ulfat6 and th6 ,ite - Typically the ^aternization reaction wouW be effected at a tern 
perature of from about 100 to about 200°F over a period of from about 4 to 6 hours 

n^nL ITf^T" 1 '? 1 ' 0 " ? aCti ° n may 156 employed t0 improve chem 'ca" compatibility of the tackifying com- 
pound wrth the other chemicals utilized in the treatment fluids. Quaternization of the tackifying compound cTfeSuce 
effects upon breakers in the fluids and reduce or minimize the buffer effects of the compounds when SSmJ Various 

^i**" compounds which may be utilized as tackifying compounds include liquids and solutions of. for 
SS^SSS ' " T P 01 ^* 3 " 13165 ' Polycarbonates, natural resins such as sheliac and the (ike 
[0023] The tackifying compound is admixed with the particulate in an amount of from about 0.1 to about 3 0 percent 

ZZZT ^ W6i9ht °' C ° at8d PartiCUlate - " iS 10 06 Underst00d *- ^ ouantitios may be usld howler 
oTmZZLT 8 9 u7T t n °} si9nmCantty inCreaSe P erf °^^ce and could undesirably reduce the permeab^y 
1™ nf . Pa e,erab,y ' ,hS ,aCkifying Compound is admixed with *• Peculate introduced into the sub 7 

ZTZ a " am ° Unt °' ,r ° m ab0- 0 25 10 about 2 '° P 6 ™ 1 * ™W of the coated particulate 
\7t\ . k tack.fy.ng compound is utilized with another material that is to be admixed with the particulate and 
which is to be at .east partiaiiy coated with the tackifying compound, such as glass fibers or t^tSSSSl 
2t " amoun of from about 1 0 to about 250 percent active material by weight of the glass fibers orX^added 
material and generally from about 0.1 to about 3 percent active material by weight of the quantity of partiie wfth 

atou S^S? iS TT W admiX6d - Pr6,erab,y *• teCki,yin9 COmpound is « amoun^S 
TIT 2 materia ' Whi ° h iS t0 56 at least partial, y coated with •» Pitying compound and 

212215 t n ? ' l6aSt 8 P ° rt,0n 0t thS taCKifyi " 9 compound introduced with 1,13 additional material will 
contact and coat at least a portion of the particulate with which it is admixed 

S 5 ! Th ! ^^"ao'e resin comprises an epoxy or phenolic resin or other compound capable of being at least 
partially coated upon a particulate substrate and then cured to a higher degree of polymerization BmZ of such 

Sins 8 'eooxl 9 ^tT'fVT? * ** and nOVOlaC ^ urea " aW ^ ^S£3252 
ZSL2^ resins, furfuryl alcohol resins and the like. The curing may result from heating the resin to a higher 
temperature such as can occur with the resole resins or by the addition of a catalyst or crosslinks to the esin vTfch 
nita tes polymerization. Admixtures of resins such as the resole and novalac resins may be utilized «£«£uiu£ 
resole resm « incorporated to initiate polymerization in the novalac resin. Various resins are described inT examl 

£ t2 I : o 5 ' 216,038; 5l425,994 and 4 ' 888 ' 240 * e entire disclosure « of which are incorpo mSZZ n 
by reference thereto. Particular^ preferred resins include epoxy resins such as "EPON 828" epoxy rSn torn She! 
Chemical Company, Houston, Texas. Phenolic resins such as "Resin 1866" from Acme rJZ<S££*V£ 
Division, Forrest Park. Illinois, furan resins such as "ARS-1500- resin from Advanced Resin Sterns Des RaJns 
Htab and novalac Resins such as "Bakelite 9282 FP' resin aiso avai.abie from Advanced Resin Systems ' 
[0026] The res.n is admixed wrth the particulate in an amount of from about 0.01 to about 5.0 percent bv weioht of 
the particuia te. Preferably, the resin is admixed with the particulate in an amount of from about 0 oTSt 1 0 Sen 

« T Part,CUla,e • Curi " 9 a9entS ' cata,ysts orcrossiinkers selected from those well taownTthe art maX 
utilized wrth the resin to harden the resin and form a consolidated matrix of particulate V 
[0027] The liquid or solution of tackifying compound interacts mechanically with the particles of particulate introduced 
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into the subterranean formation to limit or prevent the ftowback of particulates to the wellbore during initial flowback 
prior to hardening and consolidation of the particulates by the hardenable resin. 

[0028] In one embodiment, the tackifying compound, when comprised of polyamides that contain reactive sites such 
as amine groups, may be admixed and contacted with a material that has multi-functional reactive sites which are 

s capable of reacting with the reactive sites on the tackifying compound to form a hard reaction product which consolidates 
the agglomerates formed by the tackifying compound. A "hard reaction product" as used herein means that the reaction 
of the tackifying compound with the multifunctional material wilt result in a substantially nonflowable reaction product 
that exhibits a higher compressive strength in a consolidated agglomerate than the tackifying compound alone with 
the particulates. One means of evaluating the consolidated agglomerate to determine whether an increase in com- 

w pressive strength has occurred is through testing with a penetrometer. Samples may be prepared comprising particulate 
coated with the tackifying compound, multifunctional material and an admixture as described herein and penetrometer 
readings can be made using equipment such as a PWG Penetrometer from Precision Scientific Company, Chicago, 
Illinois. Comparison of the penetrometer readings readily demonstrates the change that has occurred as a result of 
the reaction. In this instance, the tackifying compound also functions as the hardenable resin. The material having 

is multi-functional reactive sites include compounds such as aldehydes such as formaldehyde, dialdehydes such as 
glutaraldehyde, hemiacetals or aldehyde releasing compounds, diacid halides, dihalides such as dichlorides and di- 
bromides, polyacid anhydrides such as citric acid anhydride, epoxides and the like. Preferred compounds for use with 
polyamides containing reactive sites comprise furfuraldehyde, glutaraldehyde or aldehyde condensates and the iike. 
The multi-functional compound is admixed with the tackifying compound in an amount of from about 0.01 to about 50 

20 percent by weight of the tackifying compound to effect formation of the reaction product. Preferably, the compound is 
present in an amount of from about 0.5 to about 1 percent by weight of the tackifying compound. 
[0029] The liquid or solution of tackifying compound and hardenable resin generally are incorporated with the par- 
ticulate in any of the conventional fracturing or gravel packing fluids comprised of an aqueous fluid, an aqueous foam, 
a hydrocarbon fluid or an emulsion, a viscosifying agent and any of the various known breakers, buffers, surfactants, 

25 clay stabilizers or the like. 

[0030] Generally the tackifying compound and hardenable resin may be incorporated into fluids having a pH in the 
range of from about 3 to about 12 for introduction into a subterranean formation. The compounds are useful in reducing 
particulate movement within the formation at temperatures from about ambient to in excess of 300PR It is to be under- 
stood that not every hardenable resin or tackifying compound will be useful over the entire pH or temperature range 

30 but every compound is useful over at least some portion of the range and individuals can readily determine the useful 
operating range for various products utilizing well known tests and without undue experimentation. 
[0031] The liquid or solution of tackifying compound and the hardenable resin generally are incorporated with the 
particulate as a simultaneous mixture by introduction into the fracturing or gravel packing fluid along with the particulate. 
Fracturing fluid slurries are introduced into the subterranean formation at a rate and pressure sufficient to create at 

35 least one fracture in the formation into which particulate then is introduced to prop the created fracture open to facilitate 
hydrocarbon production. Gravel packing treatments generally are performed at lower rates and pressures whereby 
the fluid can be introduced into a formation to create a controlled particle size pack surrounding a screen positioned 
in the wellbore where fracturing of the formation may or may not occur. The particulate pack surrounding the wellbore 
then functions to prevent fines or formation particulate migration into the wellbore with the production of hydrocarbons 

40 from the subterranean formation. 

[0032] The gravel packing treatment also may be performed without a screen in the wellbore. In such a screenless 
completion, the fluid generally is introduced into the wellbore to fill the perforations and wellbore to a level above the 
perforations and permitted to consolidate. The consolidated pack can then be drilled or reamed out to reopen the bore 
while providing a consolidated pack to screen fines and formation particulate from migrating into the wellbore. 

45 [0033] The tackifying compound may be introduced into the fluid before, after or simultaneously with introduction of 
the particulate into the fluid. The liquid or solution may be incorporated with the entire quantity of particulate introduced 
into the subterranean formation or it may be introduced with only a portion of the particulate, such as in the final stages 
of the treatment to place the intimate mixture in the formation in the vicinity of the wellbore. For example, the tackifying 
compound may be added to only the final 20 to 30 percent of the particulate laden fluid introduced into the formation 

so and the hardenable resin may be added to only the last 1 0 to 20 percent of the particulate laden fluid. In this instance, 
the intimate mixture will form a tail-in to the treatment which upon interaction within the formation with the particulate 
will cause the particles to bridge on the agglomerates formed therein and prevent movement of the particles into the 
wellbore with any produced fluids. The tackifying compound and hardenable resin may be introduced into the blender 
or into any flowline in which they will contact the material to be at least partially coated by the compounds. The com- 

55 pounds may be introduced with metering pumps or the like prior to entry of the treatment fluid into the subterranean 
formation. 

[0034] In an alternate embodiment, the particulate may be premixed with either the tackifying compound or the hard- 
enable resin prior to admixing with a treatment fluid and the other constituents for use in a subterranean formation. In 
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some instances, resin precoated particulates may be utilized and the tackifying compound then would be added during 
performance of the subterranean formation treatment. Depending upon the type of resin coating employed, a catalyst 
then would be added to the treatment fluid or introduced in a flush fluid or the like. 

[0035] Surprisingly, it has been found that use of the method of the present invention can produce high permeability 
s tunnels extending from wellbore perforations back into proppant packed fractures created in the subterranean formation 
which then may be consolidated. Control of the flowback rate of the treatment or formation fluids from the wellbore can 
be used to provide a controlled erosion of the treated particulate immediately adjacent a perforation in the wellbore. 
The flowback rate is controlled so as to provide a level above the initial critical resuspension velocity of the tackifying 
compound but generally is maintained below the continuous critical resuspension velocity. This results in controlled 
10 production of particulate from the formation. The erosion surprisingly has been found to be very uniform in nature and 
to create a tunnel into the particulate in the formation generally corresponding to the size and shape of the perforation 
in the wellbore. After the tunnel is formed, the hardenable resin consolidates the remaining particulate to provide a 
high permeability passage or tunnel from the formation to the wellbore. 

[0036] To further illustrate the present invention and not by way of limitation, the following examples are provided. 

15 

EXAMPLE I 



[0037] The evaluation of a liquid or solution of a compound for use as a tackifying compound is accomplished by the 
following test. A critical resuspension velocity is first determined for the material upon which the tackifying compound 
is to be coated. The apparatus comprises a 1/2" glass tee which is connected to an inlet source of water and an outlet 
disposal line is blocked to fluid flow. A water slurry of particulate is aspirated into the tee through the inlet and collected 
within a lower portion of said tee by filtration against a screen. When the lower portion of the tee is full, the vacuum 
source is removed and a plug is used to seal the end of the lower portion of the tee. The flow channel from inlet to 
outlet then is swabbed clean and a volumetrically controlled pump, such as a "MOYNO" pump, is connected to the 
inlet and a controlled flow of water is initiated. The velocity of the fluid is slowly increased through the inlet until the 
first particle of particulate material is picked up by the flowing water stream. This determines the baseline for the starting 
of the resuspension velocity. The flow rate then is further increased until the removal of particles becomes continuous. 
This determines the baseline for the continuous resuspension velocity. The test then is terminated and the apparatus 
is refilled with particulate having a coating corresponding to about 0.5 percent active material by weight of the particulate 
applied thereto. Similar trends generally are seen in the results when the concentrations tested are from about 0.1 to 
about 3 percent, however, the 0.5 percent level which is within the preferred application range is preferred for stand- 
ardization of the procedure. The test is repeated to determine the starting point of particulate removal and the velocity 
at which removal becomes continuous. The percent of velocity increase (or decrease) then is determined based upon 
the initial or continuous baseline value. The results of several tests employing the preferred polyamide of the present 
invention, and conventional epoxy and phenolic resins known for use in consolidation treatments in subterranean 
formations with 12/20 and 20/40 mesh sand are set forth below in Table I. 



TABLE I 









Percent Of Velocity Change At: 


Test No. 


Particulate Size 


Coating Agent, % V/Wt 
Particulate 


Starting of Sand Particle 
Transport 


Continuous Sand 
Transport 


1 


20/40/mesh sand 


None 


0 




2 


20/40 mesh sand 


1/2 percent polyamide 


192 


222 


3 


20/40 mesh sand 


1 percent polyamide 


271 


391 


4 


20/40 mesh sand 


1/2 percent phenolic 


-0.5 


6.5 


5 


20/40 mesh sand 


1 percent phenolic 


-9 


-6.3 


6 


20/40 mesh sand 


1/2 percent epoxy 


-9 


-1.2 


7 


20/40 mesh sand 


percent epoxy 


5.2 


12.2 


8 


12/20 mesh sand 


1/2 percent polyamide 


228 


173 


9 


12/20 mesh sand 


1 percent polyamide 


367 


243 


10 


12/20 mesh sand 


1/2 percent phenolic 


42 


22 


11 


12/20 mesh sand 


1 percent phenolic 


42 


13 
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TABLE I (continued) 









Percent Of Velocity Change At: 


Test No. 


Particulate Size 


Coating Agent, % V/Wt 
Particulate 


Starting of Sand Particle 
Transport 


Continuous Sand 
Transport 


12 


12/20 mesh sand 


1/2 percent epoxy 


43 


30 


13 


1 2/20 mesh sand 


1 percent epoxy 


38 


15 



10 [0038] The data clearly illustrates the substantial increase in the critical resuspension velocity of a particulate coated 
with the tackifying compound in comparison to other known formation consolidation agents which require hardening 
to be effective. 

[0039] The test results clearly demonstrate the beneficial results achieved by practice of the method of the present 
invention with respect to proppant production from a simulated formation. 

15 

EXAMPLE II 

[0040] The stabilization properties of the method of the present invention are determined by comparison to untreated 
sand and sand including a tackifying compound. The fiowback velocity is measured in an American Petroleum Institute 

20 approved simulated fracture flow cell. The cell contains Ohio sandstone cores having a proppant bed size of about 1 .5 
inches in height, about 7 inches in length and about 0.25 inches in width between the cores. The bed is initially pre- 
packed with 20/40 mesh sand by introducing the sand into the cell in an aqueous slurry or a gelled fluid containing 40 
pounds of guar per 1000 gallons of aqueous fluid. The call is fitted with a 0.3 inch hole at one end to simulate a 
perforation. The hole is visible through a sight glass so that proppant production through the hole can be visually 

25 determined. 

[0041] The cell then was cleaned and packed with another proppant pack for testing. The tested materials are set 
forth in Table II, below. 



TABLE II 



SAMPLE 


PACKING FLUID 


ADDITIVES TO SAND, % BY WT. 
SAND 


FLOW RATE, ml/min AT WHICH 
FAILURE OCCURS 


1 


water 


None 


84 


2 


gel 


None 


90 


3 


gel 


1 % by wt polyamide 


180 


4 


gel 


2% by wt polyamide 


384 


5 


gel 


1 % by wt polyamide and 1 % out 
Bakelite 9282 FP resin 


>3000 1 


6 


gel 


1 % by wt polyamide and 1 % by wt 
Bakelite 9282 FP resin 


>26002 



1 • pack heated at 250°F for 72 hours before testing, no sand production during test 



2 - pack heated at 180° F for 4 hours before testing no sand production during test 

45 

Claims 

1. A method of treating a subterranean formation in a well, which method comprises the steps of contacting the 
so formation with a treatment fluid comprising a particulate, a liquid or solution of a tackifying compound comprising 
a polyamide, at least a portion of said particulate being at least partially coated by said compound such that the 
critical resuspension velocity of said at least partially coated particulate is increased by at least 50 percent when 
tested at a level of 0.5% active material by weight over said particulate alone with water, and a multifunctional 
material to react with at least a portion of said tackifying compound on said particulate to form a hard reaction 
55 product; depositing the tackifying compound-coated particulates in the subterranean formation; and flowing back 
fluid from the formation, the tackifying compound coated particulate retarding movement of at least a portion of 
the particulate within said formation and said multifunctional material causing a hard reaction product to form that 
subsequently consolidates at least a portion of the particulate within said formation. 
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2 ' ^ntte. 3000 ^" 9 ,0 daim 1> Wh6rein •* treatmem " Uid 18 formed b * m ™9 some or a., of the components 
g 3. A method according to claim 1 , wherein the treatment fluid is formed before introducing R into the well. 
" o^S 
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